We consider a simple modification of quadratic chaotic inflation. We add a logarithmic correction to the mass term, and find that this model can be consistent with the latest cosmological observations such as the Planck 2018 data, in combination with the BICEP2/Keck Array and the baryon acoustic oscillation data. Since the model predicts the lower limit for the tensor-to-scalar ratio r for the present allowed values of the spectral index ns, it could be tested by the cosmic microwave background polarization observation in the near future. In addition, we consider higher-order logarithmic corrections. Interestingly, we observe that the scalar spectral index ns and r stay in rather a narrow region of the parameter space. Moreover, they reside in a completely different region from that for the logarithmic corrections to the quartic coupling. Therefore, future observations may distinguish which kind of corrections should be included, or even single out the form of the interactions.
I. INTRODUCTION
Inflation is an interesting paradigm in the early Universe. It solves the problems in the hot big bang Universe and may also provide the seeds of the density perturbations of the Universe. The simplest inflation model with a scalar field φ would be chaotic inflation [1] with a quadratic potential,
where m is the mass of the scalar field φ. However, this simple model is likely be excluded by recent observations such as the cosmic microwave background (CMB) observations by the Planck satellite [2] . The main obstacle is that the tensor perturbations it predicts are too large because of the large potential energy at the large field amplitudes during inflation. One way out is to somehow lower the potential at large field values. A lot of scenarios along this line have been proposed . An interesting possibility is due to radiative corrections [3] [4] [5] , where, in most cases, the quadratic potential becomes flatter because of the running of the quartic coupling of the inflaton.
In this article, we instead consider a very simple case where the mass has a running of the following form:
where K is a positive constant and M is some large mass scale. Positive K can be realized, for example, when couplings of φ to fermions dominate over those to bosons if the logarithmic correction is radiatively produced. As shown below, we find that the model is consistent with the Planck 2018 data, in combination with the BICEP2/Keck Array (BK14) and the baryon acoustic oscillation (BAO) data [2] . This is contrasted with the corrections due to the running of the quartic coupling, which may now be inconsistent with the combination of the Planck 2018 and BK14/BAO data. In addition, we go further to include higher-order logarithmic corrections to the mass term. It is interesting to note that the scalar spectral index n s of the curvature perturbation and the tensor-to-scalar ratio r stay in a narrow region of the parameter space (n s , r), so that we could still find n s and r consistent with the data for slightly different model parameters. For comparison, we investigate higher-order logarithmic corrections to a quartic coupling of the potential, which places n s and r in a completely different region of the parameter space (n s , r).
Notice that Ref. [5] considered the radiative corrections to the mass, including the second order of the logarithmic corrections to make a plateau in the potential. We do not consider such particular potentials in this article.
II. LOGARITHMIC-CORRECTED MASS INFLATION
As mentioned, we consider a simple correction to the mass in quadratic chaotic inflation, where the potential is given by [5] 
M can be arbitrary, since the form of the potential does not change when we reparametrize as
. Thus, we set M = M P below without loss of generality, where M P (= 2.4 × 10 18 GeV) is the reduced Planck scale. We also assume that nonrenormalizable higher-order terms, for example, bound the potential from below at larger amplitudes, while they do not affect the dynamics of the inflaton during inflation.
Using the slow-roll parameters
where a prime denotes a derivative with respective to φ, the scalar spectral index n s of the curvature perturbation and the tensor-to-scalar ratio r are, respectively,
They should be evaluated at φ = φ N , the field amplitude N e-folds before the end of inflation. φ N is related to N by
where φ e stands for the amplitude of the field at the end of inflation, defined by |η(φ e )| = 1. We numerically calculate φ N for fixed N to obtain n s (φ N ) and r(φ N ) for various values of K. The results are shown in Table I and Fig. 1 . We also plot the 1σ and 2σ region allowed by Planck results [2] in Fig. 1 . We can see that the tensor-to-scalar ration r becomes smaller for larger K, since the logarithmic term lowers the potential at large amplitudes. For an appropriate range of K, the model is consistent with observations. In this model, it is most favorable for K ≃ 0.14 − 0.15 and N ≃ 55 − 60, which resides inside the 1σ allowed region for the Planck TT,TE,EE+lowE+lensing data [2] , and is even consistent with the Planck TT,TE,EE+lowE+lensing+BK14+BAO data [2] for K ≃ 0.14 − 0.15 and N ≃ 60.
It seems that the tensor-to-scalar ratio r has a lower bound r > ∼ 0.02 for a spectral index n s that is consistent with the Planck observations. Therefore, this model could be tested by the CMB polarization observations in the near future.
III. HIGHER-ORDER CORRECTIONS
So far we have considered a logarithmic correction to the mass term in the lowest order as in Eq.(2). Here we investigate the effects of including higher-order corrections. To be specific, we expand m(φ) in powers of logφ 2 , and assume the following form for the logarithmic corrections to the mass term [5] :
where the a n 's are positive or negative coefficients of order unity. As an example, we calculate n s and r for N = 60 in the cases of a 2 = (−0.4) − 0.5 for K = 0.13 and a n = 0 (n ≥ 3). The results are shown as the green line in the left panel of Fig. 2 . The magenta line denotes the same results as that in Fig. 1 , and the black dot represents the original quadratic chaotic inflation. We see that the green line almost coincides with the magenta line. In order to confirm that this is a generic feature, we estimate the parameters n s and r for the potential (8) up to the second and third orders. We vary the model parameter a 2 from −1/2 to 1/2 for K = 0.13 − 0.17 in the former case, while we change a 3 from −1/6 to 1/6 for a 2 = (−0.2) − 0.5 with K = 0.14 − 0.16 in the latter case. We show the results for corrections up to first (magenta), second (green), and third (blue) order in the right panel in Fig. 2 . We find that the derived parameters n s and r reside in a rather narrow region and are very close to the first-order result, in spite of including the second-and third-order corrections for various values of the model parameters a 2 and a 3 . We may therefore conclude that the logarithmic corrections to the mass-regardless of their order-make the model consistent with the latest observations such as the Planck TT,TE,EE+lowE+lensing+BK14+BAO data [2] for appropriate coefficients K and a n .
For comparison, we also calculate the case with logarithmic corrections to the quartic coupling. The potential is then given by [3] [4] [5] 
Here λ ≪ 1 and the b n 's are coefficients of O((0.1) n ). We set b 0 = 0, since we consider corrections to the quadratic potential. For concreteness, we setλ ≡ 2λ(M P /m) 2 = 10 −3 below. First, we calculate n s and r for N = 60 for the first-order correction, thus setting b n = 0 for n ≥ 2. In Fig. 3 , the results of the first-order case for b 1 = (−0.4) − 0 are shown by the magenta line (the upper branch, labeled as "λ-log"), which is the same as those in Refs. [3] [4] [5] , while the lower branch (labeled as "m-log") denotes the results of the quadratic potential with the first-order correction (3), as in Fig. 1 . We see that the two magenta lines are away Again, the resulting parameters n s and r remain in a narrow region close to the (upper) magenta line where only the first order correction is included. We can thus deduce that the model with corrections of the form λ(log φ 2 )φ 4 is only consistent with the Planck data alone, and may already be falsified by the combinations of the Planck, BICEP2/Keck Array, and/or BAO data. Therefore, we can distinguish the corrections to the mass from those to the quartic coupling, so that, in principle, it may reveal the form of the interactions of the model, when we obtain more precise CMB data in the future.
IV. CONCLUSIONS
We have considered the logarithmic-corrected mass in the chaotic inflation model, and found that even this simple correction makes the model consistent with observations such as the CMB observation in Planck 2018, in combination with the BICEP2/Keck Array and baryon acoustic oscillation data. Since the model predicts a tensor-to-scalar ratio r larger than 0.02 for the present allowed values of the spectral index n s , the model will be tested in the near-future CMB polarization observations, such as those by the BICEP3/Keck Array [24] and the POLARBEAR-2/Simons Array [25] .
In addition, we have considered higher-order logarithmic corrections, and found that n s and r stay in a rather narrow region of the parameter space (n s , r). Moreover, they reside in a completely different region from that for the logarithmic corrections to the quartic coupling as λ(log φ 2 )φ 4 . Therefore, future CMB polarization observations may figure out what the higher-order corrections would be, or even single out the form of the interactions.
